Table S1, related to Figure 1. Summary of Bacillus subtilis sigma factors. For each sigma factor, the process or function it has been shown to be involved in, if any, is listed. We also indicate the sigma factor structural group (Paget, M.S. et al, 2015) . σ 54 family
Figure S1 (A) Sigma factor reporters are specific for their cognate sigma factor. YFP reporters for each sigma factor were analyzed in liquid media in the presence of 40 µg/ml MPA, either in a wild-type background or a strain in which the cognate sigma factor was deleted. Bars represent the mean fluorescence of at least 300 cells, averaged over 2 independent experiments. Error bars indicate s.e.m. The percentages listed above some bars indicate the mean fluorescence of the knockout strain relative to that of the wildtype strain. * indicates fluorescence measurements indistinguishable from background.
(B) MPA activates multiple sigma factors. Sigma factor reporters were grown from single cells into small microcolonies on agarose pads of ~100 cells, with or without 40 µg/ml MPA. Each bar represents the mean fluorescence of the microcolony at its final size, averaged over at least 4 separate microcolonies from 2 independent experiments. Error bars indicate s.e.m.
(C) Sigma factors activate heterogeneously in response to MPA. For each distribution, the indicated sigma factor reporter strain was grown for 3 hours in liquid culture containing 40 µg/ml MPA. (C) Deleting hag has minimal effect on the P D -YFP reporter strain. The P D -YFP reporter strain, and the P D -YFP reporter strain carrying the hag deletion were grown in minimal media batch culture to OD 600 of 0.1, and MPA was added to a final concentration of 40 µg/ml. Cells were then grown for an additional 3 hours, and the P D -YFP reporter fluorescence was quantified by fluorescence microscopy. Plotted are the distributions of single cell fluorescence. (A) Components and interactions in the sigma factor model. Each alternative sigma factor pathway comprises the sigma factor (S), a cognate anti-σ factor (A), and an input, represented as a regulatory ligand (L). Negative regulation occurs through sequestration of S by A in the S-A complex. Pulse activation is driven by competitive sequestration of A by L in the L-A complex. RNA polymerase (R) is shared between the σ factors, and the active σ factor-RNAP complex (C) upregulates the operon containing the σ factor and the anti-σ factor. Protein-protein interactions are represented by solid arrows, and transcriptional regulation by dashed arrows. Rate constants for each reaction are indicated.
(B) The cycle of events that occur during a pulse is indicated by consecutively numbered boxes. In each box, the size of a component indicates, schematically, its relative abundance. Cartoons are simplified compared to A.
(C) SigB induction competes with σ W and σ D activity. Schematic of constitutive σ B dual reporter strain. The sigB operon was knocked out and replaced with an IPTG-inducible P hyperspank -sigB promoter, chromosomally integrated at the amyE locus. The strain also contained a chromosomally integrated reporter for σ B activity, P B -cfp, as well as a chromosomally integrated YFP reporter for σ W or σ D activity.
(D,E) These strains were grown in the mother machine with minimal media containing 40 μg/ml MPA. At the indicated time, input syringes were switched to media that also contained 1 mM IPTG. Each trace represents the average of 50 (D) or 23 (E) traces, each one representing the mean pixel intensity of one channel. Shaded regions represent the standard deviation across all traces. Figure 5F ) but with fluctuations constrained to be positive, and the magnitude of fluctuations increased by a factor of 40 for sigma factor 3 and a factor 100 for the other two sigma factors. The resulting traces are more pulse-like, similar to the experimental observations. Although this regime falls outside the assumptions of the analytical model, the resulting correlation functions computed from the simulated traces (shown in C) are consistent with the analytical correlation functions (shown in Figure  5E ). In particular, the mixture of positive and negative correlations persists. Thus, it is reasonable to extend the conclusions from the analytical model to the regime of large pulse-like fluctuations.
(D) Optimal choice of parameters for the extended analytical model of 6 sigma factors (5 observed and 1 unobserved) that resulted in a 5x5 correlation matrix (amongst the 5 observed sigma factors) that exhibited a complex mixture of positive and negative correlations ( Figure  5G ). In order to find the optimal parameter values, we defined a cost function as the square of the difference between the entries of the generated 5x5 correlation matrix (correlations at time lag 0) and the experimentally observed correlation matrix, summed over all the entries of the matrix. This cost function was minimized by performing a particle swarm search in the 18-dimensional parameter space with each parameter constrained to a value of 0.1 and 10, and a cut-off frequency of 1 when computing the correlation functions from the power spectra (implemented in Matlab). Note that sigma factor 6 is the unobserved sigma factor. (A) Histogram of cell areas for multiple sigma factor deletion strains. Cell areas were calculated from single cell microscopy images. Each distribution represents at least 900 cells.
(B) Each entry in the deletion matrix ( Figure 6A ) is the average of 2 independent experiments. Plotted here is the comparison between the 2 independent experiments. The gray line is the y=x diagonal, and there is good agreement between the 2 experiments.
(C) Sample traces from model simulations for the five alternative sigma factor species and their cognate species (parameter set B in Methods). σ 3 is plotted on a distinct y-axis labeled on the right side of each panel. 
